SUMMARY Patients with right ventricular tachycardia may have adverse electrophysiological abnormalities linked to disturbed right ventricular structure. Seventeen patients who presented with right ventricular tachycardia without coronary artery disease or gross abnormalities of left ventricular function were studied. Patients had the ventricular tachycardia characterised at electrophysiological study and most underwent radionuclide and contrast angiography. At echocardiography specific attention was paid to the right ventricular chamber size. Two groups were identified at echocardiographic study. In group 1, nine patients had normal left ventricular dimensions and relatively normal features at electrophysiological study. Mean right ventricular ejection fraction was 045 by krypton-81 measurement. Group 2 comprised eight patients who had dilatation of right ventricular inflow tract, outflow tract, and right ventricular body. This group had more severe features at presentation and at electrophysiological study. In this group all available echocardiographic measurements of right ventricular chamber size were greater than those of group 1 and outside the normal range. Four of the eight patients in group 2 showed regional right ventricular dyskinesia at echocardiography. Mean right ventricular ejection fraction (023) in group 2 was significantly lower than in group 1. One patient in group 2 subsequently died.
In patients with right ventricular tachycardia, those with less favourable prognostic features at electrophysiological study may have distinct abnormalities of right ventricular structure that can be identified at echocardiographic study. Echocardiography may be of value in the recognition of potentially malignant clinical and electrophysiological features in this group.
The right ventricle may be the seat of ventricular tachycardia of left bundle branch block pattern. 2 Recent interest has centred on its pathophysiology because early reports suggested that an apparent absence of gross organic heart disease indicated a more favourable prognosis. N  N  6  3  2  54  F  +   --SOB  N  N  14  13  3  49  F  +  +  +  -N  N  34  9  4  36  M  +  --CP  N   T4,II, IIIa, aVF 149   124  5  60  M  +  +  --N  N  129  19  6  52  F  +  ---N  N  204  34  7  50  F  +  +  --N  T fat, V1- phology in relation to the clinical and electrophysiological findings in 17 patients presenting with ventricular tachycardia of right sided origin.
Patients and methods
The study group comprised 17 patients with ventricular tachycardia. by one experienced observer. Internal cavity dimensions were taken from endocardial-borders and a leading edge to leading edge criterion was used to define cavity boundaries. Values from three consecutive cardiac cycles recorded in held expiration RVIT2 was obtained by a medial orientation from a were averaged and we used this value in the final parasternal short axis view of the mitral valve. analysis. In cases 1-16 we used a standardised RVIT3 was taken from a standard apical four chamsequence for the examination of the heart and ber view." Finally the mid region of the right vendirected attention to the right ventricle.'0 From this tricular cavity (RVB) was measured from this latter detailed evaluation of right ventricular chamber size projection ( Fig. 1 ) to provide a single dimension for at the inflow tract, body, and outflow tract regions we the right ventricular body. first selected three different measurements of the In case 17, M mode echocardiography alone was right ventricular outflow tract ( Fig. 1) . RVOT, is the available (Fig. 2a) . It is clear, however, that the right proximal region of the outflow tract seen in the para-ventricular cavity dimension obtained was equivsternal long axis view of the left ventricle. RVOT2 alent to the proximal region of the right ventricular and RVOT3 are measurements of the mid and distal outflow tract (RVOT1), as illustrated for example in regions of the right ventricular outflow tract in the case 10 in whom we had dual display M mode and parasternal right ventricular outflow tract view.'0 cross sectional echocardiography from the paraSecondly, we selected measurements---of three sternal long axis view of the left ventricle (Fig. 2b) . different orientations of the right ventricular inflow From each of the views used in the study we subjectract (Fig. 1) . RVIT1 was the measurement-obtained ----tively evaluated right ventricular regional wall in the parasternal right ventricular inflow tract view. xmotoinr Rgional wall motion was considered to be .. T-.. normal group 1, the three right ventricular outflow tract measurements were 28 (0-1) cm (mean (SD), 20 (0O3)cm, and 2-4(0O4)cm for RVOT1, RVOT2, and RVOT3. All were significantly lower than the same measurements for the eight patients in group 2 (Fig. 3) . In group 2 measurements for RVOT1, RVOT2, and RVOT3 were 4 0 (0 6) cm (p < 0 005), 3-3 (0 6) an (p < 0001), and 3-6 (0-6) cm (p < 0-001) respectively. Similarly the three measurements of inflow tract in group 1 were lower than for group 2, being 5-3 (0-7) cm, 2-6 (0 4) cm, and 3 2 (0-1) cm for RVIT1, RVIT2, and RVIT3 compared with 7-1 (0-5)cm (p<0-001), 44(0-6)cm (p<0-001), and 5-2(1 0)cm (p<00001) respectively. The measurement of right ventricular body was also normal for group 1 (2-8 (02) cm) compared with group 2 (4-8 (1 1) cm, p<0005).
Figures 4 and 5 show the cross sectional echocardiographic findings that typified group 2. In Fig. 4 All eight patients in group 2 had cavity dilatation of each region of the right ventricle (inflow tract, body, and outflow tract) measured from at least one dimension. Only three measurements in two patients from this group fell within our normal range. In case 10 two of the three measurements of right ventricular outflow tract were normal, and in case 15 one of these three measurements fell within our normal_ range. Each of these patients had less prominent _ dilatation of the outflow tract than of the inflow tract and right ventricular body. Furthermore, cases 10 and 15 showed dyskinetic segments of the inflow and Fig. 6 Abnormal trabecular pattern (arrows) seen in the andpicalhoweddyskinetic segments ofthe rhRionflw ndy anterior region of the right ventricular cavity and involving apical segments of the right ventricle. Regional dys-the interventricular septum; seen from serial short axis kinesia was also a feature of the studies from cases 11, views of the left ventricle from mitral valve level (top) to 12, and 13 (Table 2) . left ventricular papillary muscles (below). In two patients (cases 12 and 13) an exaggerated trabecular appearance was present at the anterior ventricular ejection fraction was normal and did not aspect of the right ventricular cavity when viewed differ between the groups (0.54 vs 0.57). One patient from serial short axis parasternal views (Fig. 6) . In in group 2, however, had a left ventricular ejection both these patients a honeycombed appearance was fraction of 0.34, just below our normal range present in this region at right contrast ventricu-(0.360-75). In patients from group 1 the mean lography. The gross appearance of the left ventricle radionuclide right ventricular ejection fraction was was normal by echocardiography in all patients of 0-45, compared with 0-23 in patients from group 2 both groups.
(p < 0 001). The range of abnormal right ventricular
The echocardiographic findings wero consistent ejection fractions-in group 2 was 0. 21-0 32 compared with both the radionuclide and contrast angio-with the normal range from our laboratory of graphic descriptions of the left and right .vntriclesv 0 38-055 (p <0.Q01).
( In group 1 right and left ventricular angiography performed in six patients was normal. In group 2 the right ventriculogram was abnormal in all eight patients. The appearances varied from a generalised dilatation of the cavity with mild but uniformly impaired contraction (case 10) to a bizarre ventricular shape abnormality with a honeycombed appearance (cases 12 and 13). Coronary arteriography was normal in the ten patients studied.
The clinical features, including the presentation of the patients, paralleled the echocardiographic findings, in that two main groups were identified (Table 1 and 4). The nine patients in group 1 had a mean age of 48 years and were more likely to be female. Although palpitation was the dominant complaint at presentation in patients from both groups, in group 1 this was usually self limited, although it was associated with presyncope in five patients and syncope in one. Group 2 patients were young (mean age 21 years) (p <0-01). Seven of the eight patients in group 2 had syncope (three had required resuscitation from ventricular fibrillation). A fourth patient (case 17) with previously documented ventricular tachycardia died suddenly. There was no difference in the mean length of symptoms before presentation (75 months vs 80 months) and the mean follow up (34 months vs 35 months) between groups 1 and 2 respectively.
All group 1 patients had a normal chest x ray. Two patients had minor precordial T wave changes on the resting 12 lead electrocardiogram, one in inferior leads and the second over precordial leads V1-V4. In group 2, three patients had a slightly enlarged cardiac contour on plain chest x ray. In these patients the right heart border appeared to be prominent on the posteroanterior projection. All patients in group 2 had some abnormality of the electrocardiogram. Seven patients had T wave abnormalities over the right precordial leads V1-V3.
COMPARISON OF ECHOCARDIOGRAPHIC AND ELECTROPHYSIOLOGICAL FEATURES
The echocardiographic classification of two patient groups was closely paralleled by the findings from electrophysiological studies ( 
